MicroRNAs are important regulators of gene expression in normal development and disease. miR-9 is overexpressed in several cancer forms, including brain tumours, hepatocellular carcinomas, breast cancer and Hodgkin lymphoma (HL). Here we demonstrated a relevance for miR-9 in HL pathogenesis and identified two new targets Dicer1 and HuR. HL is characterized by a massive infiltration of immune cells and fibroblasts in the tumour, whereas malignant cells represent only 1% of the tumour mass. These infiltrates provide important survival and growth signals to the tumour cells, and several lines of evidence indicate that they are essential for the persistence of HL. We show that inhibition of miR-9 leads to derepression of DICER and HuR, which in turn results in a decrease in cytokine production by HL cells followed by an impaired ability to attract normal inflammatory cells. Finally, inhibition of miR-9 by a systemically delivered antimiR-9 in a xenograft model of HL increases the protein levels of HuR and DICER1 and results in decreased tumour outgrowth, confirming that miR-9 actively participates in HL pathogenesis and points to miR-9 as a potential therapeutic target.
INTRODUCTION
Chronic inflammation is a well-recognized cause of cancer and up to 25% of all cancers are thought to be induced by either chronic infections or autoimmune diseases. 1 Inflammation not only works as a tumour-promoting agent but also influences other steps of tumorigenesis by inducing DNA damage, angiogenesis, invasion and metastasis. 2 Hodgkin lymphoma (HL) is one of the most frequent lymphomas in the western world 3 and it can be divided in several subtypes based on the morphology, composition of the infiltrates and the phenotype of the immune cells. The nodular sclerosis subtype is the most common subtype of classical HL (cHL) and accounts for about 60--70% of the cHL cases, followed by mixed cellularity cHL accounting for 20--25%.
cHL is an unusual B-cell malignancy in which the tumour cells represent only 1% of the tumour bulk, whereas the vast majority of the cells are a mixture of infiltrating immune cells and fibroblasts actively attracted via chemokine secretion by the malignant cells, the so-called Hodgkin and Reed --Sternberg cells. 3 Several lines of evidence indicate that the infiltrating cells are necessary for the survival of the HL cells by providing growth and survival signals, and protection from NK cells. 3, 4 MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression at the posttranscriptional level by base-pairing to target mRNAs and promoting transcript instability and/or translational repression. 5 Mature miRNAs derive from long hairpin precursors that are sequentially processed by the RNase-III-type enzymes DROSHA and DICER1, respectively. 5 miRNAs have been implicated in several physiological and pathological events and can act as both tumour suppressors and oncogenes. 6 miR-9 is encoded by three different loci in the mouse and human genomes and its expression is altered in several cancer forms. Recently, Ma et al. 7 demonstrated that miR-9 overexpression increases the metastatic potential of breast cancer cells through regulation of E-cadherin. Interestingly, miR-9 is induced in monocytes and neutrophils during the immune responses induced by LPS stimulation, and one of the validated miR-9 targets is NF-kb1, further supporting a role of this miRNA in the regulation of inflammation. 8 Moreover, several groups have reported elevated levels of miR-9 in HL cell lines and primary HL cases. 9 --12 Among these, Nie et al. 12 identified the B-cell differentiation regulator PRDM1 as a miR-9 target.
Here we show that miR-9 directly targets DICER-1 and HuR in vitro and in vivo. Interestingly, although the function of DICER1 as a key enzyme in miRNA biogenesis is well characterized, recent reports have demonstrated that DICER acts as a haploinsufficent tumour suppressor in lung cancer and retinoblastoma. 13, 14 On the other hand, HuR is a well-documented regulator of cytokine expression acting via direct binding to ARE sequence motifs. AREs are short AU-rich sequences in the 3 0 untranslated region (UTR) of several mRNAs, especially cytokines and growth-related genes that affect mRNA stability and translation. 15 The fate of these mRNAs depends on the protein complexes assembling at the ARE sequence motifs. Assembly of the ARE protein complex on cytokine mRNAs appears to be organized by HuR that promotes or inhibits translation depending on the interaction with other ARE-binding proteins. 16 Here we report that miR-9 overexpression is important for pathological mechanisms underlying HL. We identify two novel direct targets, DICER1 and HuR, and we show that miR-9 affects the ability of HL cells to secrete cytokines and to attract normal blood cells in a HuR-dependent fashion. Finally, we provide evidence that pharmacological inhibition of miR-9 by tiny antimiR-9 17 in vivo results in derepression of DICER1 and HuR, and reduces the outgrowth of human HL tumours established in immunocompromised mice.
RESULTS miR-9 inhibition modulates genes implicated in B-cell activation and inflammation As miR-9 expression is upregulated in HL cells compared with germinal center (GC) B-cells, 9 we sought to unveil an etiological role for miR-9 in HL. To identify genes and the pathways regulated by miR-9, we inhibited its expression in the L428 HL cell line using a seed-targeting tiny antimiR-9 17 and performed expression array analyses. Compared with cells treated with LNA control inhibitor, we identified 1145 genes that were deregulated (FC below À1.1 and above 1.1) in HL cells treated with the antimiR-9 (Supplementary Table 1 ). Gene ontology and network analyses revealed that the regulated genes could be divided into four major groups, namely 'apoptosis', 'B-and T-cell activation', 'inflammation and cytokine signalling' and 'signal transduction' (Supplementary Figure 1a) . Array results were validated by qPCR for selected transcripts (Supplementary Figure 1b) . Surprisingly, we did not observe any enrichment for miR-9-binding sites in the 3 0 UTRs of the upregulated transcripts in this experiment (Supplementary Figure 2) . These results suggest that miR-9 could indirectly regulate several genes of potential importance for HL development.
Inhibition of miR-9 downregulates cytokine secretion Many of the differentially regulated genes, such as NFAT5 (logFC ¼ À0.24), STAT6 (logFC ¼ À0.19), IRF5 (logFC ¼ À0.277) and NFKBIZ (logFC ¼ À0. 22) , are known to be important for cytokine signalling and production. 18, 19 Given the importance of cytokines in the assembly of the HL environment, we tested the secretion of a panel of cytokines with relevance for HL development in L428 cells following miR-9 inhibition. Interestingly, enzyme-linked immunosorbent assay tests demonstrated significant reductions in IL-6 (P ¼ 0.0024), CCL-5 (P ¼ 0.0018) and TNF-alpha (P ¼ 0.0239) secretion, together with the complete absence of IL-5 (P ¼ 0.0009) in samples treated with antimiR-9 relative to the control (Figure 1 ). In contrast, no significant changes in GM-CSF secretion were observed ( Figure 1 ). Similar results (Supplementary Figure 3a) that showed L428 to be derived from nodular sclerosis cHL were obtained in L540 cells. Thus, inhibition of miR-9 decreases the secretion of cytokines important for cHL development in the nodular sclerosis subtype, thereby influencing the assembly of the inflammatory environment.
HuR and DICER1 are direct targets of miR-9 To identify possible regulators of cytokine secretion responsible for the effect of miR-9, we analysed the list of deregulated transcripts following miR-9 inhibition and noted that HuR (ELAVL1) was upregulated (0.24 logFC). Interestingly, the 3 0 UTR of HuR harbours four putative miR-9-binding sites, two 8-mer and two 7A-mer sites, respectively (Supplementary Figure 4) . In addition, we noticed that DICER1 was also regulated and it could also be a miR-9 target having a 7-mer seed match site (Supplementary Figure 4) .
To demonstrate that miR-9 can directly target the HuR and DICER1 mRNAs, we employed an affinity purification approach in which low amounts of a biotin-tagged and thiouridine-labelled miR-9 were transfected into L428 cHL cells. Following in vivo crosslinking, miR-9 and its targets were purified using streptavidin beads. This method has previously been used to identify and validate targets for miR-10a, miR-34a and miR-191. 20 --22 Using qRT-PCR, we showed that biotin-tagged and thiouridinelabelled miR-9 can efficiently sequester endogenous HuR and DICER1 transcripts, in contrast to a similarly modified miR-34a control, thus implying that HuR and DICER1 are direct targets of miR-9 (Figures 2a and b) . To functionally validate these interactions, we transfected luciferase 3 0 UTR reporters for HuR and DICER1 into U87MG cells and assayed the ability of miR-9 to directly regulate these 3 0 UTRs. The U87MG glioblastoma cell line is easier to transfect compared with HL cell lines, but have comparable amounts of miR-9 (Supplementary Figure 5S) . In accordance with the results obtained using affinity purification, luciferase expression from these reporters was repressed following miR-9 overexpression but not by expression of a miR-191 control (Figures 2c and d) .
Conversely, transfection with the antimiR-9 LNA resulted in a significant increase in the luciferase activity of both reporters ( Supplementary Figure 4b and c; pHuR-UTR P ¼ 0.011 and pDICER1-UTR P ¼ 0.017).
Importantly, we confirmed the regulation of the endogenous HuR and DICER1 proteins by miR-9 in three different HL cell lines using western blot, as demonstrated in Figure 2e (also see Supplementary Figure 5S ) by using the miR-9 inhibitor. This resulted in marked derepression of both the targets at the protein level. Taken Relative cytokine production compared to Control LNA (%) 20 
II-6 (pg/ml) Figure 1 . miR-9 inhibition reduces cytokine secretion from L428 cells. Supernatants derived from 12.5 Â 10 6 L428 HL cells transfected an LNA control or with an LNA-modified antimiR-9 were used to measure the amount of CCL-5, GM-CSF, IL-5, TNF-alpha and IL-6, respectively, by enzyme-linked immunosorbent assays (ELISAs). Error bars represent s.e. between three independent experiments. P-values were calculated using a t-test, *Po0.05, **Po0.01 and ***Po0.001. The asterisks refer to comparison between the treated samples with the control. Cytokine secretion values in pg/ml are listed in the table.
together, our data indicate that HuR and DICER1 are bona fide targets that are repressed in cHL cells by endogenous miR-9. miR-9 inhibition leads to deregulation of genes with HuR-binding sites Most of the genes deregulated, following miR-9 inhibition, in L428 cells do not contain putative miR-9-binding motifs (that is, matches to the miR-9 seed sequence). These changes in transcript levels are therefore likely secondary effects and we speculated that deregulation of HuR could, at least in part, be responsible for the modulation. With a known role in post-transcriptional regulation of inflammation-related genes 16 HuR is a good candidate, so we scanned the list of genes deregulated following miR-9 inhibition for the presence of the consensus HuR-binding motif. 23 Intriguingly, using the Asap software package, 24 we found a highly significant overrepresentation of the HuR-binding motif among the deregulated transcripts compared to a group of between three independent experiments. (a, b) Biotinylated miR-9 or miR-34a were transfected into L428 cells and their ability to pull-down HuR (a) or DICER1 (b) mRNAs were assessed using qPCR. Relative enrichment of HuR and DICER1 mRNA, respectively, was measured by qPCR, normalizing the results to the input. P-values were calculated using ANOVA test. (c, d) A luciferase reporter containing the HuR (c) or
0 UTRs was transfected into U87MG cells together with synthetic miR-9 or miR-191 as a negative control. (e) Three different HL cell lines were transfected with antimiR-9 or with LNA scramble control. The expression of HuR and DICER1 was assessed by western blot analysis. PRDM5 was used as a loading control and the band intensities were measured using the ImageJ software (http://rsbweb.nih.gov/ij/). Ratios between the targets and the loading control are indicated above each figure.
transcript that were unaffected by miR-9 inhibition (P ¼ 7.56 Â 10 À4 for upregulated genes and P ¼ 3.66 Â 10 À3 for downregulated genes) (Table 1) . Hence, the direct regulation of HuR by miR-9 is reflected in the transcriptome following miR-9 inhibition, suggesting that a large proportion of the effects seen in the arrays upon miR-9 inhibition were HuR-mediated.
The regulation of cytokines by miR-9 is HuR-dependent HuR is a known regulator of inflammation by mediating the stability and the translation of mRNAs holding ARE motifs, 16 moreover, all the cytokines in this study deregulated by miR-9 contain several repeats of the HuR-binding motif identified recently by PAR-CLIP 25, 26 (Supplementary 3B). Because we found HuR to be a direct target of miR-9, we next analysed the role of HuR in the regulation of cytokines by miR-9.
For this purpose, we used a reporter plasmid in which the expression of luciferase is under control of the 3 0 UTR of the IL-5 gene containing a class II ARE motif. As expected, transfection of antimiR-9 resulted in a repression of the reporter (P ¼ 0.039) (Figure 3a) . Importantly, this effect was completely abolished by co-transfection with a HuR-specific siRNA, whereas inhibition of HuR alone mediated an increased expression of the reporter (P ¼ 0.032) (Figure 3a) . A similar effect was demonstrated using the pGFP-TNFARE reporter, in which the enhanced green fluorescent protein expression is under control of the TNFalpha-ARE (Figure 3b ). In addition, enzyme-linked immunosorbent assays on L428 supernatants transfected with a siRNA against HuR show upregulation of three out of the four cytokines (Figure 3c) . Furthermore, the effect of HuR on cytokines can be reverted by co-transfection of antimiR-9 LNA (Figure 3c ). We therefore conclude that miR-9 can regulate the expression of cytokine transcripts in a HuR-dependent manner.
Chemo-attractant activity of L428 cells is inhibited following miR-9 inhibition To functionally validate that cytokine reduction upon miR-9 silencing can influence the inflammatory environment in cHL, we sought to mimic in vitro the attraction exerted by cHL cells on normal cells. To achieve this aim, we tested the ability of L428 supernatants to attract normal blood cells when miR-9 and/or HuR were inhibited. As expected, supernatant from cells treated with antimiR-9 showed a significantly lower ability to attract normal blood cells in Boyden chamber migration assays (P ¼ 0.0071), whereas HuR-silencing resulted in a moderate increase in the number of migrating cells. Importantly, the miR-9 inhibitory phenotype was almost abolished following concomitant siHuR transfection (P ¼ 0.0013) (Figure 4) . Hence, we found that miR-9 inhibition can reduce the pool of migrating blood cells with about 22% and this reduction is partially dependent on HuR.
Pharmacological inhibition of miR-9 in vivo decreases tumour growth To ask whether miR-9 overexpression is relevant to the outgrowth of cHL tumours, we injected L428 cells in the severely immunocompromised NOG mouse strain previously shown to support cHL engraftment. 27 NOG mice lack B-and T-cell immunity and have defects in NK, DC and complement functions. 27 These mice develop large tumour masses in the liver and sporadically in the spleen at 30 days after intravenous injection of cHL cells. To assess the importance of miR-9, we allowed the tumours to establish for 2 weeks after which the mice were treated with saline, antimiR-9 or LNA scramble control compounds. Each treatment group consisted of 10 mice and the LNA compounds were delivered subcutaneously twice weekly for 4 weeks after which the animals were killed. All the mice developed liver tumours and the pathological analysis showed that these tumours were necrotic and composed of large to medium size cells with sporadic Hodgkin and Reed --Sternberg cells. Moreover, immunohistochemistry revealed that the tumours lack typical mature B cell markers (CD20 À ) and expressed CD30, the activation marker characteristic of cHL (Supplementary Figure 6) .
Analyses of the dissected livers demonstrated a significant increase in liver weight caused by the presence of multiple large tumour nodules (Figure 5a) . Notably, although treatment with the control LNA at 25 mg/kg did not significantly affect tumour burden, as estimated from the overall liver weights, treatment of mice with the antimiR-9 at the same dose level significantly reduced the tumour burden (P ¼ 0.002) (Figure 5a ). To further substantiate this finding, we quantified the tumour burden from liver sections and found a significant decrease (P ¼ 0.026) in the presence of tumour cells in livers from mice receiving high doses of the antimiR-9 compound relative to the LNA scramble control-treated group (Figure 5b) . Moreover, we found that treatment with the antimiR-9 at 25 mg/kg induced a significant and consistent increase in the number and intensity of DICER1-and HuR-positive cells (P ¼ 0.001 and 0.0001, respectively) (Figures 5c --f) compared with mice treated with LNA scramble control. Taken together, our data show that HuR and DICER1 are targeted by miR-9 in vivo during cHL tumorigenesis and that pharmacological inhibition of miR-9 by a seed-targeting Inhibition of miR-9 impairs tumour outgrowth E Leucci et al tiny antimiR leads to significantly reduced tumour outgrowth in a mouse model of cHL.
DISCUSSION
In the present study, we identified two novel targets of miR-9 and validated them both in vitro and in vivo. In addition, we showed that miR-9 influenced cytokine secretion and chemo-attractant ability of cHL cells in vitro and impaired tumour outgrowth in vivo.
It is becoming increasingly clear that miRNAs have important roles in cancer-related processes. 28 Apart from cancer-associated deregulation of individual miRNAs, genome-wide studies have demonstrated a general downregulation of mature miRNAs in cancers. 29 miRNA downregulation is likely a cause rather than a by-product of cancer, because lowered miRNA levels have been found to increase the transforming capacity and the invasive behaviour of a lung adenocarcinoma cell line. 30 Furthermore, hemizygous deletion of DICER1 occurs in 27% of the human cancers, 14 and recent studies have demonstrated that DICER1 is a haploinsufficent tumour suppressor in both lung cancer and retinoblastoma. 13, 14 This is supported by a recent report, in which DICER was shown to be specifically targeted by the miR-103/107 family in breast cancer, where overexpression of miR-103/107 members induced epithelial-to-mesenchymal transition via reduced levels of miR-200b. 31 Therefore, direct regulation of DICER1 levels by miR-9 overexpression could contribute to transformation and invasiveness in HL.
cHL is characterized by the presence of an inflammatory environment that is essential for the pathogenesis of this disease. 3 Inflammatory cells are actively attracted in the tumour by cytokine secretion, and in turn provide protection and survival signals to the malignant cells. 3 To ensure a rapid switch in cytokine production, most cytokine-coding genes share an AU-rich sequence (ARE) in their 3 0 UTR, which guides their rapid -UTR was used to measure the effect of siHuR and antimiR-9 on cytokine production in HEK293 cells. antimiR-9 significantly reduced activity of the luciferase reporter, whereas siRNAs targeting HuR increased this activity. Transfection of both abolishes the effect of miR-9 inhibition. Error bars represent s.e.m. between three independent experiments. P-values were calculated by t-test. *Po0.05, ***Po0.001 and ns ¼ not significant. If not differently indicated, the asterisks refer to comparison between the treated samples with the control. (b) An enhanced green fluorescent protein reporter under control of the TNF-ARE was used to measure the effect of HuR and/or miR-9 inhibition on cytokine production in HEK293 cells. Effects of miR-9 and/or HuR inhibition on TNF-ARE were detected using western blot for enhanced green fluorescent protein. PRDM5 was used as a loading control and intensity was analysed using the ImageJ software. Ratios between the targets and the loading control are indicated above each figure. (c) Effects of HuR-silencing (with or without antimiR-9 treatment) on IL5, IL6, TNF and CCL-5 were analysed in supernatants by ELISA. P-values were calculated by ANOVA: IL-6 ¼ ns; IL-5 ¼ 0.0302; CCL-5 ¼ 0.0368; and TNF ¼ 0.0186. degradation or stabilization. 15, 32 HuR is a ubiquitous member of the Hu family of proteins 33 that can regulate mRNA stability and translation by binding to ARE-motifs and interacting with other ARE-binding proteins, such as TTP, AUF1 and KH-type splicing regulatory protein. 34, 35 Despite the fact that HuR is often reported as a stabilizing factor for ARE-containing mRNAs, its ability to synergize with TIA-1 and to inhibit translation of cytokines is also well known. 36 In the present study, we show that miR-9 directly targets HuR and Dicer1 for posttranscriptional repression. Consequently, inhibition of miR-9 by a seed-targeting antimiR-9 in cultured cells and in HL xenograft tumours resulted in upregulation of both the targets. In particular, derepression of HuR results in change in a strong decrease in cytokine secretion as demonstrated by enzyme-linked immunosorbent assays in cell supernatants. Notably, we observed reduction in the cytokines TNFalpha, CCL-5, IL-6 and IL-5 that have well-established roles in HL pathogenesis, where they are known to attract fibroblasts, eosinophils and mast cells to the tumour. 37 --39 Regulation of the cytokines is likely a posttranscriptional event, because a siRNA construct targeting HuR could rescue the effect of miR-9 inhibition in enzyme-linked immunosorbent assay on L428 supernatants and on reporters harbouring IL-5 and TNF-alpha ARE sequences. Moreover, miR-9 inhibition in HL cells resulted in the failure to efficiently attract normal inflammatory cells and this is partially due to the effect of miR-9 on HuR. Hence, miR-9 overexpression supports the presence of infiltrating inflammatory cells in the tumours.
Finally, to ask whether pharmacological inhibition of miR-9 could affect the outgrowth of cHL cells in vivo, we injected NOG mice with established xenograft HL tumours 27 with a salineformulated antimiR-9 compound. Several previous studies have suggested that individual miRNAs could constitute targets for therapeutic intervention of cancers. 40 However, reports that demonstrate an effect upon systemic delivery of miRNA inhibitors on outgrown tumours are still limited. 41 Although xenograft models for cHL rely on the use of severely immunocompromised mouse strains, such as the NOG mouse model used here, and therefore cannot fully recapitulate cHL pathogenesis, our data show that therapeutic silencing of miR-9 by subcutaneously delivered antimiR-9 inhibitors significantly limits the outgrowth of HL tumour nodules in the livers of NOG mice. We speculate that the effects seen on tumour growth probably result from the combined miR-9 repression of several different targets, including NF-kb and PRDM1, 8, 12 both have a well-established role in B-cell development and pathogenesis.
In summary, our findings support the idea that miR-9 has an important role in the aetiology of cHL and highlight miR-9 as a potential therapeutic target for treatment of cHL.
MATERIALS AND METHODS

Cell lines and transfection
The cHL cell lines L428, L540 and KM-H2 were grown at standard conditions in 5% CO 2 at 37 1C in RPMI 1640-glutamax (Gibco, Invitrogen, Paisley, UK) supplemented with 10% FBS (Hyclone, Thermo Scientific, Waltham, MA, USA).
For the array experiments, and to produce the supernatants for the migration assays, the L428 were transfected by nucleofection using solution L and program X-001 (Amaxa, Basel, Switzerland) and Nucleofector II (Amaxa). Cells were harvested at 9 h after transfection and RNA was extracted using Trizol (Invitrogen). For all the other experiments, the cells were transfected via passive perfusion 42 by adding the antimiR-9 or LNA scramble control oligonucleotides directly to the culture medium at a final concentration of 10 mM and leaving the cells for 24 --72 h in the medium. Subsequently, the cells were washed extensively in PBS and transfection efficiencies were checked by flow cytometry (Supplementary Figure 7) and microscopy of a parallel cell population treated with FITClabelled LNA oligonucleotide.
U87MG cells used in the Luciferase assay were grown in DMEMglutamax (Gibco, Invitrogen), supplemented with 10%FBS (Hyclone, Thermo Scientific).
The HEK cells used in the reporter assays were grown in DMEMglutamax (Gibco, Invitrogen), supplemented with 10% FBS (Hyclone, Thermo Scientific). For the experiments combining miR-9 and HuR inhibition, the cells were transfected with either 50 mM scrambled siRNA or siHuR, together with antimiR-9 or LNA scramble control oligonucleotide (30 mM) using lipofectamine 2000 (Invitrogen). The pIL5-UTR Luciferase Medium from L428 treated with a antimiR-9 LNA and/or siHuR Cell lysis and quantitation using CyQUANT-GR dye Figure 4. (a, b) antimiR-9-mediated upregulation of HuR impairs the ability of HL cells to attract normal blood cells. The ability of L428 cells to attract normal cells with or without miR-9 inhibition was assayed in a Boyden chamber assay using the supernatant from L428 cells and normal blood cells (a). A reduced migration activity in presence of a miR-9 inhibitor was detected. Reduced migration is only partially dependent on HuR (and thus on cytokine secretion) (b). The graph is representative of three biological experiments. Error bars represent s.e. between three independent experiments. P-values were calculated using a t-test. *Po0.05, **Po0.01. If not differently indicated, the asterisks refer to comparison between the treated samples and the control.
reporter was transfected 24 h later. Luciferase assay was performed 48 h after the first transfection.
Data processing of microarray profiles
For the transcriptome analyses, three biological replicates of total RNA extracted from cells treated with either antimiR-9 or LNA scramble control were analysed on Affymetrix HG-U133 Plus 2.0 arrays (Affymetrix, Santa Clara, CA, USA). The data were processed using the BioConductor 'affy' package. 43 Probe set intensities were summarized using the Robust Multichip Average method, transformed to the generalized log values with the variance stable VSN method 44 and mapped to Ensembl transcripts using BioMart. Probe sets that mapped to more than two different Ensembl genes were discarded. For genes with more than one probeset mapped to it, the probeset with the largest inter quartile range of expression intensity was selected. Nonspecific filtering was used to remove genes with low variance between arrays using a cut-off of 0.25. This left 1763 genes that were used for the following analysis. Differentially expressed genes were identified using limma. 45 Genes with a fold-change above 1.1 or below À1.1 were regarded as upregulated and downregulated, respectively. A third set of genes that did not change from control to experiment was defined by selecting genes with a log2 fold-change centred at 0. The microarray data are MIAME compliant and were deposited in the GEO database with the accession no. GSE27529. The microarray results were validated using qPCR for three of the genes upregulated in the arrays (Supplementary Figure 2) .
HuR motif search The 3 0 UTR sequences of the upregulated, downregulated and no-change transcript sets were used to search for the previously published HuRbinding motif. 23 The count matrix was log-transformed into a positionspecific weight matrix using a background nucleotide frequency of 25% Figure 5 . (a --f) Silencing of miR-9 by antimiR-9 reduces HL tumour growth in NOG mice. The effects of miR-9 inhibition in vivo were tested on NOG mice injected i.v. with 4 Â 10 6 L428 cells. Treatment of the mice for 4 weeks with antimiR-9 decreased the liver weight in a dosedependent manner compared with saline vehicle control and LNA scramble-treated mice (a). P-values were calculated using ANOVA (Po0.0001) with Bonferroni correction. *Po0.05 and ***Po0.001. If not differently indicated, the asterisks refer to comparison between the treated samples with the control. The decrease in liver weight is the result of the impaired tumour growth in antimiR-9-treated mice (Po0.05) (b). The nodule surface was calculated using the grid method. Statistical significance was calculated using t-test. The expression of the validated miR-9 targets DICER1 (c) and HuR (e) was analysed by immunohistochemistry in samples from NOG mice injected with L428 HL cells (magnification Â 20). The percentage of DICER1-and HuR-positive tumour cells (d and f, respectively), and the intensity of the staining was evaluated. Intensity was set to 1 for not or low expression level, or to 2 for high expression level. Statistical significance was calculated by two-way ANOVA.
